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Abstract 
Vessel traffic service (VTS) system is an important tool used by the competent 
authorities to provide services to vessels and implement supervision of vessels’ 
movements under their jurisdiction.  Such system plays an active role in ensuring 
vessel safety, improving traffic efficiency and protecting the environment.  
Comprehensive evaluation of the capacity of an existing VTS system is of very great 
significance to improve the capacity of the VTS.  
 
A brief overview is taken at international and domestic literature on the evaluation of 
VTS.  The development of VTS in the world, in China, as well as in Shenzhen port 
and the basic functions of VTS are introduced.  Meanwhile, the navigational 
environment, the type and management level of Shenzhen VTS (SZVTS) are 
investigated.  Moreover, the international instruments, the national laws and 
regulations as well as the regional rules, which compose the legal framework of 
SZVTS, are described. 
 
Based on the collected data, a detailed analysis on the factors reflecting or influencing 
the capacity of SZVTS, including services provided, traffic control, VTS scale and 
equipment, internal organization and personnel allocation, etc, is carried out.  
 
Additionally, the analytic hierarchy process (AHP) and fuzzy comprehensive 
evaluation method are applied in evaluating the capacity of SZVTS.  An evaluation 
iv 
 
index system is established, and SZVTS’ capacity evaluation result together with all 
indicators’ evaluation results are figured out. 
 
Finally, according to the evaluating results and the author’s working experience in 
VTS center (VTSC), some recommendations are provided concerning the need for 
further improvement of the capacity of SZVTS.   
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Chapter 1   Introduction 
1.1 Research background 
As an important means of transportation, shipping undertakes 90% of cargo delivery 
in the world.  To ensure vessel safety, improve vessel traffic efficiency and prevent 
pollution from ships has always been the common goal of maritime personnel.  In 
recent years, with the fast development of international shipping industry and progress 
in shipbuilding technology, vessels’ sizes become larger and larger and their speeds 
become higher and higher.  On the other hand, the navigational conditions of the 
harbor area, such as width of channel and depth of water, cannot be markedly 
improved, which result in higher and higher traffic density and more complicated 
traffic situation.  In order to safeguard navigational safety, improve traffic efficiency 
and reduce pollution, most of the world’s major ports and coastal navigable waters 
have established vessel traffic service (VTS) system. (Maritime Safety Administration 
of People’ Republic of China [MSA of PRC], 2006, p.07) 
 
The practice of implementing VTS in various countries in the world has proven that 
the establishment of VTS in ports, high traffic density areas and special navigational 
areas can significantly increase vessel safety, improve traffic efficiency and protect 
shore environment.  However, the construction of VTS system consumes a large 
amount of funds.  For example, the construction of Hamburg-Elbe VTS system in 
Germany went on for 10 years and involved investment of more than 30 million Mark, 
and the construction of Huangpu-Guishan VTS system in China needs to go on for 9 
to 12 years and involve investment of more than 13.80 million US dollars. (Zhang, 
2009a)  Therefore, before construction, it is necessary to conduct full investigation 
and studies of historical status, historical accidents, port scale and planning, to 
determine to what degree a VTS system is required and then decide whether to build 




In 1982, Ningbo port built China’s first VTS center.  Till 2008, 26 VTS centers and 
92 radar stations had been established in China, and 10 VTS centers are in planning. 
(Zhang & Li, 2008)  So far, China has become the country with the most VTS 
systems and the greatest number of personnel engaged in VTS in the world. (Hu & 
Yang, 2008)  China has constructed such a large number of VTS systems at such a 
high speed that people will surely doubt the necessity of such construction and worry 
about the display of the functions of the existing VTS systems.  In China, the 
expenses spent on VTS system construction mainly come from the government.  
Thus, VTS system construction is a public undertaking, making the competent 
authorities highlight preliminary assessment of VTS system construction and 
downplay evaluation of the overall performance of VTS after built.  It is for this 
reason that the inner management of many VTS centers is in disorder, the work 
efficiency of personnel is low, and full play cannot be given to the functions of VTS 
system.  Till now, many scholars have begun to study the evaluation of VTS 
capability and effectiveness.  However, China still has not established a scientific 
and reasonable VTS capacity and effectiveness evaluation system. (Zhang, 2009a)  
 
Thus, it is extremely necessary and urgent to conduct comprehensive evaluation of 
existing VTS, systematically analyze and evaluate the key factors that affect the 
capacity of VTS, as well as study how to improve the functions of VTS.  This paper 
has conducted comprehensive evaluation on the capability of Shenzhen vessel traffic 
service (SZVTS) for two reasons. For one thing, Shenzhen port is a big 
comprehensive port whose cargo handling capacity and container handling capacity 
lead other ports in China.  For another thing, though the author has worked in 
SZVTS center for 6 years, he has not conducted evaluation or studies of the capacity 
of SZVTS.  It is the author’s hope that the research results of this paper can actively 




1.2 Overview of previous literature 
“International Association of Lighthouse Authorities (IALA) VTS Manual” has 
proposed the analytical framework of cost-benefit analysis (CBA) of VTS as well as 
provided guidance on how to figure out the cost and benefits of a VTS.  It is a 
complex task as quantification of safety benefits, and the translation of these benefits 
in monetary terms is difficult and often comes down to expert opinion. (IALA, 2012) 
 
Dr. Quon & Everson from Canada have put forward, in the article “Analysis and 
Evaluation of the Effectiveness of VTS”, the evaluation model of VTS in reduction of 
risks and protection of environment as well as preliminarily analyzed and calculated 
the economic benefits of VTS using mathematical knowledge. (Zhang, 2009a) 
 
Japanese scholars Miruki & Fujii have, in the article “Analysis of the Effectiveness of 
VTS”, analyzed and studied the world’s construction scale of VTS and VTS harbor 
water area factors, and drawn the conclusion that the VTS scale is restricted by many 
factors of harbor water area and investigation should first be conducted of the harbor 
water area during construction of port VTS system. (Miruki & Fujii, 1992) 
 
In the 1970s, China’s shipping industry started to recover and there was an upsurge of 
large-scale construction of ports. (Liang, 1999)  Studies and tests of VTS also began 
during this period.  During the preliminary assessment of VTS construction and in 
the course of its construction, some Chinese scholars began to study the degree of 
needs of VTS and VTS management level.   
 
In the 1990s, researchers at Institute of Nautical Science & Technology, Dalian 
Maritime University did much research on VTS construction and its effectiveness.  
The article “Cost-benefit Analysis and Evaluation Method of VTS” published by 
professor Fang (1990) has built a cost-benefit analytical model of VTS and introduced 




In 2001, Liu & Shao, scholars from Dalian Maritime University discussed, in the 
article “Evaluation of Investment and Income of VTS System”, the internal economic 
effects of implementing and operating VTS.  According to the description of this 
article, a fuzzy mathematic modal was necessarily established to evaluate the capacity 
and calculate the internal gains of VTS.  
 
By reviewing the articles mentioned above, the author has summarized the scholars’ 
evaluation of VTS effectiveness, which mainly includes two methods: 
 
(1) Statistical data evaluation: Compare the traffic accidents, pollution and traffic 
violations in the water area before construction of VTS system with the data after 
VTS operation, and refer to the service quantity offered by the VTS within a specified 
time limit (information service, traffic organization service, navigational assistance 
service, supporting allied activities, etc), so as to reflect the safety benefits of VTS. 
(Zhao & Fang, 1998)  
 
(2) Economic evaluation: Quantify the indicators of VTS such as safety index, 
number of accidents avoided or reduced and environmental benefit, and convert them 
into monetary terms, so as to reflect the economic benefits of VTS. 
 
However, the improvement of the safety and economic benefits of a port usually 
result from many factors functioning coordinately such as channel maintenance, 
construction of aids to navigation, improvement of vessel maneuverability and 





1.3 Objectives of this study 
According to the analysis of the performance of SZVTS, this paper firstly aims to 
establish the evaluation index system concluding the main indictors which reflect and 
influence the capacity of SZVTS.  Through the AHP and comprehensive evaluation 
method, the author will figure out the evaluation results of SZVTS’ capacity and all 
indictors within the evaluation index system.  Furthermore, according to the 
evaluation results, some factors that restrict the capacity of SZVTS will be uncovered, 
and some recommendations for improvement of SZVTS capability will be made. 
1.4 Research methodology 
Based on the relevant data collected and through quantitative and qualitative analysis 
method, this paper describes SZVTS’s performance in services provided, traffic 
control, VTS scale and equipment, internal organization and personnel allocation, etc. 
 
By establishing evaluation index system of SZVTS and using AHP, determine the 
influences of each index upon the capacity of SZVTS.  By means of questionnaire, 
invite experts to evaluate each index, quantify the evaluation results as well as 
determine the membership degree of each index to the comment set.  After figuring 
out the index weight indexes and membership degrees, apply mathematical operation 
in the fuzzy comprehensive evaluation method to calculate the evaluation results 











Chapter 2   Introduction to Shenzhen VTS 
2.1 Development of VTS in the world 
Early vessel traffic service (VTS) is mainly furnishing ports and coastwise navigation 
water area with beacons, lights signals and buoys.  VTS, with radar surveillance 
started in Liverpool in 1948 and spread rapidly in Europe in 1960s, then in North 
America a little later and in the world in 1980s. (Mizuki, Yamanouchi, & Fujii, 1989) 
 
With the development of technology, computer system has been widely introduced in 
VTS system to analyze and process a lot of information.  Simply, the development of 
VTS in the world can be divided into three stages: VTS systems in the first stage 
mainly use visual signal, communication, pilotage, etc and are represented by the 
VTS of the Kiel Canal and the Suez Canal; VTS systems in the second stage mainly 
use radar and VHF and are mainly represented by the VTS systems of Rotterdam and 
Hamburg; VTS systems in the third stage introduce computer technology when using 
traditional equipment and are mainly represented by the VTS system of San Francisco. 
(Zhang, 2009a) 
 
No matter which development stage VTS is in and which monitoring equipment is 
used, the purpose of VTS is basically the same, which is to ensure vessel safety, 
improve traffic efficiency and protect the environment.  However, the types of 
services provided by each VTS center (VTSC), i.e. the functions, are different.  This 
is mainly decided by the natural circumstances of each VTS water area as well as the 
density and characteristics of vessel traffic.  According to the description in 
Resolution A.857 (20)
1
, the functions of VTS usually include the following: data 
collection and evaluation, information service, traffic organization service, 
navigational assistance service and supporting allied activities (e.g. search and rescue, 
maritime investigation, marine security).  
                                                        
1 IMO Resolution A.857 (20) – Guidelines for Vessel Traffic Service, adopted on 27 November 1997. 
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2.2 Development of SZVTS 
In China, research in VTS began in the 1970s.  In 1982, China’s first VTSC was 
built in Ningbo port.  It was not until the 1990s that China’s VTS entered a stage of 
overall construction, during which VTS of 10 ports or waterways had been 
successively established.  The construction of VTS system was relatively late in 
China.  Therefore, equipment such as radar, very high frequency (VHF), radio 
direction finding (RDF), closed circuit television (CCTV) and computer system were 
introduced at the beginning of the construction.  In implementation and management, 
China’s VTS have not only consulted relevant international instruments, but also 
considered the management functions of Chinese government agencies.  Therefore, 
China’s VTS system is not only a service system but also an administrative 
department that performs governmental management functions.  
 
As to SZVTS, project was approved and initiated in 1996, Zuopaotai radar station was 
built in 1998, and SZVTS started to run formally in 2000.  During such periods, 
SZVTS was not mature in personnel allocation and establishment of legal framework 
and only had the ability to provide information service and traffic organization service 
for Shekou harbor district, Chiwan harbor district and Mawan harbor district.  Its 
ability to participate in allied activities was then very limited.  
 
In 2005, SZVTS center upgraded the system and built Beizaijiao radar station in 
Dapeng Bay.  VTS services were also extended to the Yantian harbor district in the 
east part of Shenzhen port.  Meanwhile, corresponding VTS administrative 
regulations, VTS users’ guidelines and other documents also began to be used.  The 
functions of SZVTS were basically perfect at this time.  It not only had the ability to 
provide vessels in the area under jurisdiction with services, but also was able to 
participate in allied activities.   
 
In 2010, SZVTS system increased four radar stations, i.e. Dachan Island radar station, 
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Neilingding Island radar station, Shekou radar station and Sanmen Island radar station.  
Corresponding communication equipment (e.g. VHF), monitoring equipment (e.g. 
radar, AIS, CCTV) and data processing system have all been further upgraded.  VTS 
covers over 90% of the sea areas under the jurisdiction of Shenzhen Maritime Safety 
Administration (SZMSA).  Personnel allocation, training plan as well as legal 
system also approached perfection.  
 
According to the future development plan of SZVTS, till 2014, another 4 radio 
stations will have been built.  Then, SZVTS system will have 10 radar stations and 1 
data processing center, and VTS area will cover the whole sea areas of SZMSA. 
 
2.3 Navigational environment 
2.3.1 Hydrology and meteorology 
Shenzhen port is located in the coastal waters of Southern China and east of Pearl 
River estuary.  It is under the influence of subtropical monsoon climate where 
southerly winds reign in summer while northerly winds prevail in winter.  The power 
of its coastal average wind is 3 to 4 grades. (Meteorological Bureau of Shenzhen 
Municipality, 2013)  Situated in the north of South China Sea and in the northwest of 
the Pacific Ocean, Shenzhen port is attacked by 4 to 5 tropical cyclones every year 
which mainly occur during the period between June and September.  Tide along the 
coast of Shenzhen is irregular semi-diurnal tide while the mean tide level of Dapeng 
Bay in the east part of Shenzhen port is 116cm and its maximum flow velocity is 
around 1 knot (one nautical mile per hour).  The mean tide level of Shekou water 
area in the west part of Shenzhen port is 152cm and its maximum flow velocity is 
over 3.5 knots.  The visibility of Shenzhen port is seriously affected by dense fog 
especially in February and March.  According to many years of records of Shenzhen 
port, Dapeng Bay water area in the east suffers from visibility of less than 1km for an 
average of 5 days every year while Shekou water area in the west suffers from 
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visibility of less than 1km for an average of 12 days every year. (SZMSA, 2009, 
pp.05-07) 
2.3.2 Scale of Shenzhen port 
Lying on the coast in South China, backed by Pearl River Delta and adjoining Hong 
Kong, Shenzhen port enjoys advantageous geographic location and convenient land 
and water transportation.  It is one of China’s comprehensive coastal ports.  
Shenzhen port is divided into two parts, namely eastern harbor district and western 
harbor district.  The eastern harbor district is within Dapeng Bay and mainly 
includes Yantian harbor district, Xiadong harbor district and LNG terminal (See 
Appendix 1).  The western harbor district, located in the east of Pearl River estuary, 
is close to Guangzhou port in the north and adjoins Hong Kong port in the south.  It 
mainly includes Shekou harbor district, Chiwan harbor district, Mawan harbor district 
and Dachan Bay harbor district (See Appendix 2).  Till 2008, Shenzhen port has built 
62 berths with or over the capacity of 10,000 tons. (SZMSA, 2009, p.01)  In recent 
years, the traffic volume, the cargo handling capacity, the container handling capacity 
and the volume of passenger transport per year are about 0.5 million vessel-times, 0.2 
billion tons, 21 million TEU and 4 million persons, respectively. (SZMSA, 2012)  
2.3.3 Channels and anchorages 
The Dapeng Bay water area in the east of Shenzhen port is capacious and the natural 
channel extends all the way to the waters near Yantian terminal, and the only 2-
nautical-mile-long channel of Yantian is an artificial channel.  The traffic density is 
low with about 270 vessel-times daily mean volume of traffic for 2012.  The western 
water area has a total of 5 main channels as shown in Table 1, all of which are 
artificial and cross each other (See Figure 1).  Coupled with the daily mean volume 
of traffic about 1,120 vessel-times for 2012, the vessel traffic situation in the west part 





Table - 1 Artificial channels in the west part of SZ port 











Tonggu channel 100000 12.3 210 15.8 Single-way 
Shekou channel 
(buoy No.1-No.7) 
100000 1.5 210 15.8 Single-way 
Shekou channel 
(buoy No.7-No.12) 
30000 0.7 150 11 Single-way 
Chiwan channel 35000 0.8 120 10.5 Single-way 
Mawan channel 100000 2.6 400 11.5-15.8 Two-way 
Dachan Bay channel 100000 1.3 210 15.8 Single-way 
Source: SZMSA, 2009, p.43. 
 
 
Figure 1 - Distribution of the channels and fairways in the west of SZ port 
Source: Compiled by the author. 2013. 
 
Regarding the anchorages of Shenzhen port, 5 anchorages with sufficient space to 
accommodate vessels are delineated in the east part while in the west part only two 
11 
 
anchorages are available for vessels (See Table 2).  Limited areas and depth, in 
combination with high volume of traffic, the capacity of the west anchorages cannot 
meet the requirement of vessels.  Report and approval of anchoring in any anchorage 
of Shenzhen port are regulated. 
 
Table 2 - Anchorages in SZ port 
East part of Shenzhen port 






Dapeng Bay Anchorage No.1 59.5 23 
Vessels with or over the 
length of 200m wait berth 
Dapeng Bay Anchorage No.2 10 12-18 LNG carrier wait berth 
Dapeng Bay Anchorage No.3 7.7 8-15 
Dangerous cargo vessel 
wait berth 
Dapeng Bay Anchorage No.4 13 13-20 
General cargo vessel wait 
berth 
Dapeng Bay Anchorage No.5 4.7 11-15 
General cargo vessel wait 
berth 
West part of Shenzhen port 






General cargo vessel Anchorage 2.6 3-7.5 
General cargo vessel wait 
berth 
Dangerous cargo vessel Anchorage 2.5 3-7.5 
Dangerous cargo vessel 
wait berth 
Source: SZMSA, 2009, pp.67-72. 
2.4 Determining the type for SZVTS 
According to service object and types of services provided to vessels, VTS can be 
divided into coastal VTS and port VTS.  IMO Resolution A.857 (20) does not clearly 
define these two types of VTS.  However, it requires that a clear distinction should 
be made between them.  A coastal VTS provides services mainly for vessels sailing 
in inshore waters and the types of services mainly include information service; a port 
VTS provides services mainly for vessels entering and leaving ports and the types of 
services mainly include traffic organization service and navigational assistance 
service. (IMO, 1997)  Normally, the type of a VTS has already been determined 
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during preliminary assessment according to the natural environment, traffic conditions, 
etc. of the water area managed by VTS. 
 
The service objects of SZVTS mainly include the vessels entering and leaving 
Shenzhen port and its service areas are confined to port channels, waterways, 
anchorages and nearby navigable waters.  The types of services provided by SZVTS 
mainly include traffic organization service, information service as well as navigational 
assistance service.  Judging from the objects, areas and types of services of SZVTS, 
we can conclude that it is a typical port VTS. 
2.5 Determining the management level for SZVTS 
2.5.1 International management levels of VTS 
The determination of VTS management levels depends on the degree of its 
management of traffic.  Generally, the levels of VTS in the world mainly include 
vessel movement reporting system (VMRS), signal control, report and approval of 
entry and departure, ordering traffic, pilot dependent management, monitoring traffic, 
assistance to navigation, search and rescue, and information service. (Mizuki, 
Yamanouchi & Fujii, 1989)  The categories of VTS management levels are different 
from countries to countries for their different management concepts and navigational 
environment.   
 
(1) Management levels of VTS in United States (US) 
United States Coast Guard (USCG) divides VTS into seven types, i.e. radio 
communication between vessel bridges, traffic rules, traffic separation schemes (TSS), 
vessel reporting system, primary supervision, advanced supervision and automatic 
advanced supervision. (Zhang, 2009b) 
 
(2) Management levels of VTS in Japan 




Table 3 - VTS category in Japan 
Category I Category II Category III 
1）Designated route 1）Information services 1）Information services 
2）Designated direction 2）Traffic rules 2）TSS & Information services 
3）Speed limit 3）Advisory service 3）Pilot dependent management 
4）Signal control 4）Initiative control 4）Vessel reporting system 
5）Individual vessel control  5）Signal command 
6) Comprehensive automatic 
management 
 
6) Report and approval of entry 
and departure 
Source: Wang, 2004. 
 
(3) Management levels of VTS in Canada 
Canada Coast Guard divides VTS into four grades, i.e. ship-shore information system, 
ship-shore consultation system, ship-shore control system and ship-shore command 
system. (Wang, 2004) 
2.5.2 Determining the management level for SZVTS 
In 1989, the Ministry of Transportation of the People’s Republic of China (PRC) 
organized the researchers from Dalian Maritime University, Shanghai Maritime 
University and other departments started the research on “Grading the VTS of China's 
Coastal Port”.  The researchers by reviewing relevant literature in the world, 
analyzing grading method of VTS in foreign countries, and referring to the actual 
conditions and future development of Chinese ports, pointed out that China’s VTS 
should be divided into 5 management levels according to their functions, and 
qualified the 7 major factors that affect VTS functions to serve as the criteria used to 
judge VTS management levels (See Table 4).  Such judgment criterion passed the 






Table 4 - Criterion of classification for VTS in China 
              Management 
levels 
      Criterion 
 




















Direct loss due to accidents 
（ten-thousand ￥/year） 
40 75 100 500 
Volume of traffic（vessel-
times/day） 
16 20 24 70 
Cargo handling capacity 
（ten-thousand ton/year） 
500 1500 2800 9800 
Days with poor visibility 
 (lower than 1km)（days/year） 
9 16 24 60 
Number of berth with or over the 
capacity of ten-thousand ton  
12 22 32 40 
Number of channel intersection 1 2 4 8 
Dangerous cargo handling capacity
（ten-thousand ton /year） 150 350 800 3000 
Note: all China’s VTS have met the requirements of management level 0 (traffic rules), so the criteria 
of level 0 was not set. 
Source: Fang, 1991. 
 
According to the statistical data of Shenzhen Maritime Safety Administration for 2012, 
the direct economic loss due to accidents and the number of low visibility days of 
Shenzhen port are in management level Ⅲ while all other factors of Shenzhen VTS 
are in level IV as shown in Table 5.  When the characteristics of all the evaluation 
factors are considered, SZVTS should be classified as management level Ⅳ. 
 
Table 5 - Determination of the management level for SZVTS 
Factors Statistic of SZ port (202) Level 
Direct loss due to accidents（ten-thousand ￥/year） 107 III 
Volume of traffic（vessel-times/day） 1397 IV 
Cargo handling capacity（ten-thousand ton/year） 22807 IV 
Days with poor visibility (lower than 1km)（days/year） 17 III 
Number of berth over the capacity of 10000 ton 62 IV 
Number of channel intersection 9 IV 
Dangerous cargo handling capacity（ten-thousand ton 
/year） 
3335 IV 
Source: Compiled by the author, 2013. 
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Chapter 3   Legal Framework of SZVTS 
The successful organization and provision of VTS generates a self-evident need for 
international agreement as to how shipping from various flag-states can successfully 
and harmoniously interact. (IALA, 2012)  In addition, the national and regional law 
or regulations are also needed as the legal basis for the implementation of a VTS and 
to reflect the widely accepted objectives related to the port and environment.  This 
section will describe the legal framework of SZVTS from international, national and 
regional aspects. 
3.1 International instruments 
(1) United Nations Convention on the Law of the Sea (UNCLOS)   
On the basis of the UNCLOS, a coast State has different extents of jurisdiction in its 
internal waters, territorial waters, contiguous zones, exclusive economic zones and the 
continental shelf.  When a VTS is being considered, care should be taken to establish 
the extent of jurisdiction that can be applied to the VTS area and its sub-areas.  
Within the territorial waters, the participation of a VTS can be mandatory and the 
VTS has the right to regulate the movements of vessels.  A VTS should exercise its 
authority in the territorial waters subject to the right of innocent passage.  Beyond 
the territorial waters, vessels can participate in the VTS voluntarily.  In straits used 
for international navigation, a VTS authority cannot restrict or impede the innocent 
passage of vessels. (IALA, 2012) 
 
(2) International Convention for the Safety of Life at Sea (SOLAS)   
The Chapter V Regulation 12 states that the contracting governments planning and 
implementing VTS shall, wherever possible, follow the guidelines developed by IMO, 
and shall also endeavor to secure the vessels flying their flags to participate in the 
VTS scheme and comply with the VTS provisions.  International Convention for the 
Safety of Life at Sea (1974) 
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(3) IMO Resolution A.857 (20)-Guidelines for Vessel Traffic Service 
This resolution contains two Annexes.  Annex I is named “the Guidelines and 
Criteria for VTS”, in which the basic principles and general operational provisions for 
operation of a VTS are described.  In detail, the definitions in relation to VTS (VTS, 
VTS area, VTS operator, etc.), the general considerations for VTS (objectives, 
responsibilities, types of services, etc.) and the guidance for planning and 
implementation of VTS are clarified.  Guidelines in this Annex are relatively general, 
and should be used in junction with the applicable Resolution MSC.43 (64)-
Guidelines and Criteria for Ship Reporting System and IALA VTS Manual. (IMO, 
1997)  The guidelines concerning selecting, recruiting and training VTS operators 
are provided in Annex II.  Moreover, the skill and knowledge requirements 
associated with relevant VTS functions are determined in this Annex. 
 
(4) IMO Resolution MSC.43 (64) -Guidelines and Criteria for Ship Reporting System 
as amended by MSC.111 (73) and MSC.189 (79)   
This resolution provides the basic principles for communication between shore-
authorities and participating vessels, and also develops the criteria for the contracting 
governments to plan and implement the Ship Reporting System.  The Ship Reporting 
System may or may not be operated as a part of VTS. (IMO, 1994)  However, report 
to VTS is always mandatory, especially in the territory waters of a coast State.  The 
reporting procedures, including the types of participating vessels, the reporting lines 
and the communication approaches, should be taken into account when planning a 
VTS.  Thus, a contracting government must refer to the principles and criteria 
established in this regulation when implementing a VTS, which is also recommended 
by IMO Resolution A857 (20).  
 
(5) IALAVTS Manual (2012)   
IALA VTS Manual (2012) is the fifth edition, and now is acknowledged by the VTS 
community as the most comprehensive guide to VTS as well as a point of reference 
for further detailed study. (IALA, 2012)  This manual is composed of 19 chapters 
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which encompass all aspects of planning, construction, operation and evaluation of 
VTS.  Obviously, it is the most detailed international document in relation to VTS. 
3.2 National regulations 
(1) Law for the Safety of Maritime Traffic of PRC
2
   
This law has the highest legal validity among all legal instruments related to VTS in 
China.  Article 3 of this law states that when navigating, berthing, anchoring, or 
carrying out other operation within the coastal and port waters of China, all vessels 
must abide by the laws, administrative regulations and rules.  It regulates in Article 
11 that foreign vessels cannot enter the internal waters and port without the approval 
of its competent authorities.  Law for the Safety of Maritime Traffic of PRC (1983)   
 
(2) The Port Law of PRC
3
   
In this law, Article 6 prescribes that the Ministry of Transportation shall be in charge 
of management of all ports in China.  Local governments and port authorities should 
establish regulations and rules to regulate the movement of vessels, and take measures 
including implementing VTS to ensure the safety of vessels, the efficiency of traffic 
and protection of marine environment.  The Port Law of PRC (2003) 
 
(3) Safety Management Regulations of Vessel Traffic Service of PRC
4
   
The regulations involve all aspects of VTS, including ship reporting procedures in 
Chapter 2, traffic management in Chapter 3, services provided in Chapter 4, 
responsibilities of VTS in Chapter 5, etc.  It provides policy and guidance for the 
                                                        
2
 Law for the Safety of Maritime Traffic of PRC was adopted at the Second Meeting of the Standing 
Committee of the Sixth National People's Congress, promulgated by Order No.7 of the President of 
PRC on September2, 1983, and effective as of January1, 1984. 
 
3
 The Port Law of PRC was adopted at the 3rd Meeting of the Standing Committee of the Tenth 
National People's Congress of PRC on June28, 2003, and effective as of January1, 2004. 
 
4
 Safety Management Regulations of Vessel Traffic Service of PRC was adopted by the Ministry of 




local port authorities to establish detailed rules for the effective operation of VTS. 
(Ministry of Transportation of PRC, 1997) 
 
(4) Regulations of VTS Personnel Management of PRC
5
   
Chapter 2 of this document defined the roles of VTS operators (VTSOs) and the 
corresponding liabilities.  The standards for training and certificating VTSOs are 
described in Chapter 3.  Regulations concerning VTSOs’ enrollment and career 
planning are provided in Chapter 4. (Ministry of Transportation of PRC, 2010) 
3.3 Regional rules 
(1) Rules for the Safety of Maritime Traffic of Shenzhen Water Areas
6
   
Article 11 states that the Maritime Administration should delineate and formally 
declare the ship reporting areas, and establish traffic rules according to the actual 
navigational situations of Shenzhen water areas.  In addition, this article also 
requires the Maritime Administration to provide services when required by vessels 
within the reporting area. (The National People’s Congress of Shenzhen City, 2005) 
 
(2) SZVTS Users’ Guidelines
7
   
This document firstly gives an introduction to SZVTS, such as the location, 
equipment and its functions.  Moreover, the channels, fairways, and relevant traffic 
rules are explained in detail, and the reporting procedures including the mandatory 
participating vessels, service areas, reporting lines, communication procedures, etc. 
are presented.  Besides, it describes the types of services provided by SZVTS and 
                                                        
5
 Regulations of VTS Personnel Management of PRC were promulgated by Maritime Safety 
Administration of PRC on May 20, 2010, and effective as of the same day. 
 
6
 Rules for the Safety of Maritime Traffic of Shenzhen were adopted on the National People’s 
Congress of Shenzhen City on April 29, 2005, and effective as of September 1, 2005. 
 
7
 SZVTS User’s Guidelines were promulgated by Shenzhen MSA on September 1, 2005, and effective 


































Chapter 4   Analysis of the Factors Influencing the Capacity of 
SZVTS 
Many factors can reflect or influence the capability of a VTS, such as the fulfillment 
of its functions, reliability of equipment, internal organization and personnel quality.  
To evaluate the capacity of SZVTS, each factor that influences the capability should 
be analyzed first.  This chapter will introduce and analyze in detail the major factors 
that reflect or influence the capability of SZVTS from four aspects, i.e. services 
provided, traffic control, VTS scale and equipment, internal organization and 
personnel allocation. 
4.1 Services provided  
4.1.1 Information service, traffic organization service and navigational assistance 
service 
Information service (INS), traffic organization service (TOS) and navigational 
assistance service (NAS) are the basic types of services provided by VTS.  It can be 
seen from the statistical data of SZVTS in recent years (See Table 6) that the amount 
of services provided by SZVTS for vessels increased significantly in 2006 compared 
with 2005, and such amount of service has remained stable since 2006.  The main 
reason is that in 2005, SZVTS included Yantian harbor district in the east into VTS 
service area and the number of vessels subject to SZVTS increased significantly.  In 
addition, SZVTS center has upgraded the monitoring equipment and trained the 
operating personnel.  As a result, the comprehensive ability of VTS has improved 
greatly.  However, figures can only be reflected in the workload of SZVTS and 
cannot reflect the service quality of SZVTS.  At the request of vessels or when 
deemed necessary, VTS should provide vessels with information service.  The 
information should be provided timely and accurately. (IMO, 1997)  In other words, 
if VTS fails to provide vessels with information in time or the information provided is 
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inaccurate, the captain’s decision-making might be affected, hence putting the vessels 
at risk.  The quality of traffic organization service and navigational assistance service 
should also be evaluated according to implementation effects.  Therefore, statistical 
data cannot be taken as the quantitative indictor for such three kinds of service but can 
be used as a reference.  Qualitative assessment should be conducted by VTS users 
according to their own experience. 
 
Table 6 - Statistic of 3 types of services, SZVTS, 2005-2012 
Year 
Types of service 
2005 2006 2007 2008 2009 2010 2011 2012 
INS (times) 15529 25683 23782 29600 24256 28963 28753 24423 
TOS (times) 410 829 799 1172 1198 1183 1201 1193 
NAS (times) 13 20 12 23 34 33 35 32 
Source: Compiled by author based on the data provided by SZVTS. 
4.1.2 Supporting allied activities 
Supporting allied activities is VTS function determined in IMO Resolution A.857 (20), 
which mainly includes: 
 
(1) Coordinate information exchange as well as distribute relevant information to 
VTS participants and related organizations. 
 
(2) Assist each side to the VTS competent authority with allied activities, including 
pilotage, port service, maritime safety, pollution prevention and control, search and 
rescue (SAR), etc.  
 
(3) Request the rescue and emergency response department to take action as well as 
participate in the activities carried out by these departments at an appropriate time. 
 
Supporting allied activities does not mean providing services for vessels directly or 
practice traffic control over vessels directly, but rather cooperating with other marine 
22 
 
traffic management departments especially in communication, information exchange 
and on scene commander, to jointly finish the actions aimed to ensure navigation 
safety, improve traffic efficiency and prevent pollution from ships.  Obviously, 
supporting allied activities is especially important when the vessel encounters 
difficulties or an accident.  Maritime Search and Rescue (SAR) is typical allied 
activity. 
 
SZVTS has had the function of supporting allied activities since its operation. 
However, during the initial operation period, SZVTS’s ability to provide allied service 
was very limited.  In 2005, SZVTS established procedures for support of allied 
activities and included them in the attendance standardization manual, and 
participated in allied activities for a total of 72 times in the whole year 2005. (SZMSA, 
2005b)  This figure increased year by year and reached 115 times in 2012 (See 
Figure 2).   Every year, SZVTS takes part in various allied activities.  However, in 
most cases, it requested the rescue and emergency response department to take actions.  
This is determined by the special organization structure of SZVTS.  Another role of 
SZVTS center is Shenzhen Maritime Rescue Coordinate Center (MRCC).  To be 
specific, the same group of VTSOs should, at the same time, be responsible for 
coordination of SAR.  
 
 
Figure 2 - Statistic of supporting allied activities (times), SZVTS, 2005-2012 

















2005 2006 2007 2008 2009 2010 2011 2012 
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4.2 Traffic control 
4.2.1 Vessel reporting rate 
When implementing VTS system, the port authorities will usually establish 
corresponding vessel reporting procedures.  According to the “SZVTS Users’ 
Guidelines”, all foreign vessels, dangerous goods vessels and general cargo vessels 
flying Chinese flag of or over 500 gross tonnage (GT) are required to participate 
SZVTS when navigating, mooring or operating in the SZVTS service area.  These 
vessels must report to SZVTS through VHF or in other ways when passing the report 
line, after berthing, before departure and anchoring.  
 
Vessel report can ensure the VTS operators more accurately master the true 
movements and intentions of vessels, so as to more effectively control the traffic.  
Vessel reporting rate can reflect the safety awareness of vessels in VTS service area 
and the implementation of VTS reporting procedures.  The reporting rate at a 
particular time can be figured out through the following formula: 
 
 eporting rate   
Actual vessel report times
Times vessel ought to report
 
 
The vessel reporting rate of SZVTS for 2005 is low, which is only 93.8% (See Figure 
3).  Since 2005, the vessel reporting rate has increased significantly.  The vessel 
reporting rate for each year after 2005 is larger than 95.0%.  It peaked in 2012 when 
it reached 97.8%.  There are two reasons for the growth of vessel reporting rate.  
For one thing, after the system was expanded in 2005, SZVTS has strengthened 
relevant administrative regulations and publicity of the user guidelines.  For another 






Figure 3 - Ship reporting rate of SZVTS, 2005-2012 
Source: Compiled by the author based on the data provided by SZVTS. 
4.2.2 Traffic accident rate 
The traffic accidents rate in VTS service area can accurately reflect the traffic 
conditions of such area and is a direct index that reflects VTS’s capability to ensure 
safety.  The traffic accidents rate at a particular time can be figured out through the 
following formula: 
 
Traffic accidents rate   
Number of traffic accidents
Volume of traffic 
 
 
Wherein, traffic accidents refer to accidents directly related to VTS operations such as 
collision, stranding and spit on a rock. (MSA of PRC, 2001)  Volume of traffic is the 
sum of all vessel times entering and leaving VTS service area. 
 
According to the statistical data of recent years (See Figure 4), the traffic accidents 
rate of SZVTS for 2005 and 2006 are high, respectively 0.047‰ and 0.043‰ (See 
Figure 5).  Since 2007, the accidents rates have maintained a relatively low level.  
The accidents rate for 2012 is especially low, which is only 0.017‰, the lowest in 
























Figure 4 - Statistic of volume of traffic and traffic accidents, SZVTS, 2005-2012 
Source: Compiled by the author based on the data provided by SZVTS, 2013. 
 
 
Figure 5 - Traffic accidents rate of SZVTS, 2005-2012 
Source: Compiled by the author based on the data provided by SZVTS, 2013. 
4.2.3 Key vessels tracked 
Key vessels refer to the vessels that might cause a high level of casualties, heavy 
economic losses or serious environment pollution in the event of an accident.  Key 
vessels tracked rate can reflect a VTS’s ability to identify and control risks.  Key 
vessels tracked rate at a particular time can be figured out through the following 
formula: 
 
 ey vessel  tracked rate 
Actual number of key vessels tracked
Total number of key vessels in VTS area
 
 
Key vessels are defined by SZVTS as all kinds of passenger ships, dangerous cargo 
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Tonggu channel as well as other vessels with lengths exceeding 200m. (SZMSA, 
2005a)  SZVTS operators identify key vessels mainly through means such as vessel 
reports, AIS and historical data.  SZVTS’s key vessels tracked rates for 2005 to 2012 
are all 100%. 
4.2.4 Violations found and corrected 
Violations found refers to the behaviors of vessels found by VTS operators through 
monitoring equipment when on duty that violate the regulations of port or VTS 
navigation rules.  Violations corrected refers to the traffic offence committed by the 
vessel that is corrected in time after VTS operators find it and send out advice, 
warning or instruction to the vessel through communication with it.   But there are 
still some traffic offences (e.g. the vessel fails to keep watching on VHF channel 
specified by VTS) that VTS can not correct in time through connection and must be 
corrected on site through patrol vessel.  Such traffic offences are unlawful acts that 
are found by VTS but not corrected by VTS.  Judging from the volume of traffic in 
Shenzhen port in recent years, each year, SZVTS operators find and correct violations 
for very limited times (See Figure 6).  This, to some extent, shows the good traffic 
order in the SZVTS service area.  However, due to the limitations of monitoring 
equipment such as loss of radar signals and AIS signals and the sharp deterioration of 
CCTV functions at night or when the visibility is poor, it is impossible for VTS 
operators to detect all the traffic offences of the vessels in the service area.  Besides, 
VTS operators’ understandings of the rules are different.  So are their law 
enforcement efforts.  Therefore, it is unreasonable to quantitatively assess the 
capability of SZVTS merely through the number of times for which violation is found 
and corrected.  Qualitative assessment should also be conducted through traffic 
violation records of vessels including violation process, corrective and punitive 





Figure 6- Statistic of violations found and corrected, SZVTS, 2005-2012 
Source: Compiled by the author based on the data provided by SZVTS, 2013. 
4.3 VTS scale and equipment 
4.3.1 Port scale 
The scale of a port is measured mainly through ship traffic volume, annual cargo 
handling capacity, passenger transport capacity, types, size and distribution of berth, 
etc.  Generally speaking, the larger the ship traffic volume, cargo handling capacity 
and passenger transport capacity are, the more frequently the vessels will move in the 
port.  The types, size and distribution of the berth determine the types and size of 
vessels and the distribution of channels.  Therefore, the scale of port is also a factor 
that reflects the capability of VTS.  This paper has introduced in detail Shenzhen 
port in section 2.3.2. 
4.3.2 The coverage of VTS area 
VTS area is the area delineated by the competent authority and formally declared to 
the public.  VTS provides services for the vessels in this area and supervises the 
movements of the vessels.  The coverage of SZVTS as defined in this paper refers to 
the ratio of the scope of SZVTS area to the whole water areas of Shenzhen.  
 
Before 2005, SZVTS only had Zuopaotai radar station of the western Chiwan harbor 
district and its service area only covered the berths, channels and anchorage grounds 
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of Chiwan, Shekou and Mawan harbor districts.  In 2005, Yantian’s Beizaijiao radar 
station was built.  Yantian harbor district and additional water areas were included in 
the service area of SZVTS.  Then the service area of SZVTS included two parts, i.e. 
eastern VTS service area (See Appendix 1) and western VTS service area (See 




 for the 
western part and 264.2km
2
 for the eastern part).  After 2010, SZVTS has 
successively built Dachan Island, Neilingding Island and Shekou radar stations in the 
west as well as Sanmen Island radar station in the east.  The coverage of VTS has 
exceeded 90%. 
4.3.3 Types and functions of equipment 
SZVTS has adopted ATLAS9770 system introduced from STN ATLAS in Germany. 
Such system enjoys friendly man-machine interface and very strong data handling 
capacity.  In the VTS Users’ Guidelines of SZVTS, the main equipment of SZVTS 
system and their functions are listed: 
1) Radar Surveillance System: Effective range of 24 nautical miles with tracking 
and replaying function, ability to track 400 moving targets and 200 static targets 
simultaneously.  
2) Vessel Traffic Management Information System: 100,000 ships’ data 
processing capacity.  
3) VHF Communication System: Effective range of 25 nautical miles with multi-
channel recording function.  
4) Automatic Identification System (AIS): Effective range of 30 nautical miles 
with automatic identifying function.  
5) CCTV Monitoring System: Full direction and low luminance and the 
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synchronous replay function. 
6) Meteorological System: Real time surveying of meteorological data under all 
weather conditions.   
4.3.4 Availability of VTS system 
The communication between VTS and vessel as well as the reliability and continuity 
of dynamic supervision of vessels relies on the reliability of equipment.  In recent 
years, SZVTS has always reflected the reliability of system and equipment through 
the availability of VTS system.  Availability refers to the ratio of the time used for 
normal operation of system (total time minus the time when the equipment cannot be 
normally used due to fault, upgrading or detection) to the total time within a specified 
period of time.  According to the statistical data in the annual report of SZVTS for 
2005 to 2012, the availability of SZVTS system exceeds 99.9% every year. 
4.4 Organization and personnel allocation 
4.4.1 Internal organization structure 
Effective VTS organizational structure ensures the effective operation of VTS and 
realization of system objective. (Tang, 2001)  In China, VTS center is usually a 
subordinate body of maritime administration department.  SZVTS center is affiliated 
with Shenzhen Maritime Command Center and has offices and VTS operating floors.  
The offices are responsible for preparing navigational plans while VTS operating 
floor is responsible for providing services to vessels and supervising the movement of 
the vessels.  Shenzhen MRCC is also affiliated with Shenzhen Maritime Command 
Center.  Though the responsibilities of MRCC are different from those of VTS center, 
the superior departments do not have any division of labor for the specific posts and 
responsibilities of the staff.  That is to say, a VTS operator can also be a SAR 
coordinator in case of emergency.  
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4.4.2 Internal management system 
Internal control system refers to the rules or operating procedures that must be 
followed by VTS operators.  The completeness and rationality of internal control 
system ensures that VTS system can give full play to its functions.  After nearly two 
decades of development of Shenzhen VTS, internal control systems including 
discipline on duty, regulations for shifting of duty, procedures for coordination with 
other departments, equipment operational procedures, etc have already been 
established and included in the internal quality management system. 
4.4.3 Personnel allocation and training 
As to allocation and training of VTS operators, IMO and IALA have provided 
detailed guidance which was respectively specified in Resolution A.857 (20) and 
IALA VTS Manual Chapter 11-12. According to these two guidance and 
Administrative  egulations of China’s VTS Operators, SZVTS has established 
SZVTS operator recruitment and training plans (See Table 7).  At present, SZVTS 
center has two operating floors, which are in the east and in the west respectively, and 
is equipped with 36 VTS personnel including 1 VTS manager, 7 VTS supervisors and 
28 VTS operators.  Among all the personnel, 8 have nautical experience, accounting 
for around 25% of all.  
 
Table 7 - Training plan of SZVTS 
Types of training Contents Time 
Knowledge learning 
Conventions, laws, regulations, 
guidelines, rules, procedures; 
Knowledge about SZ port and SZVTS 
2 months 
Simulation operation Operate on the simulators 1 month 
On-the-job training 
Practice under the guidance of a superior 
operator 
1 month 
Accreditation and certification Organized by China MSA 
Knowledge update training New knowledge or procedures Undetermined 
Source: SZVTS, 2013, un-published internal materials. 
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4.4.4 Personnel quality 
The quality of VTS personnel is an important factor that determines the display of 
VTS functions and is mainly affected by their own character, background, experience, 
in-house training, etc.  The quality of VTS personnel can be judged by their specific 
performance in work, such as their degree of familiarity with related rules and 
knowledge about vessels, their use of standard marine communication vocabulary, 

























Chapter 5   Fuzzy Comprehensive Evaluation of the Capacity of 
SZVTS 
5.1 Application of fuzzy comprehensive evaluation method in evaluating VTS 
capacity 
In 1965, American cybernetician L. A. Zadeh first proposed the mathematical concept 
“fuzzy sets” and created the theoretical method to study fuzziness.  Till now, it has 
developed into a relatively complete branch of mathematics. (Hu, 2005, p.01)  Fuzzy 
comprehensive evaluation method is an evaluation method based on fuzzy 
mathematic theory.  This method converts qualitative assessment into quantitative 
evaluation according to the membership theory of fuzzy mathematics, that is, 
conducts overall evaluation of evaluation objects that are affected by many factors.  
It features clear results and strong systematicness and is able to well solve fuzzy and 
hard-to-quantify problems, hence suitable to be used to solve various kinds of 
uncertain problems.  Fuzzy comprehensive evaluation method involves 5 steps, i.e. 
establishment of index system and factor sets, establishment of factor weight vector, 
establishment of comment set, single factor fuzzy assessment and fuzzy 
comprehensive evaluation. 
 
Many factors can reflect and affect the capacity of VTS, among which there are 
quality of service, management level, equipment and human factor.  Besides, each 
factor is very fuzzy.  That is to say, it is very difficult for us to subjectively judge the 
degree of influence exerted by each factor on the capacity of VTS.  Though we can 
evaluate the performance of VTS in a single aspect, when all factors are considered, it 
is very difficult to reasonably evaluate the comprehensive capacity of VTS.  As the 
specific application of fuzzy mathematic theory, fuzzy comprehensive evaluation 
provides a systematic and reasonable method for the evaluation of the capacity of a 
certain VTS.  This chapter will evaluate the capacity of SZVTS according to the 
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basic principles and steps of fuzzy comprehensive evaluation method. 
5.2 Establishment of evaluation index system and factor set 
5.2.1 Establishment of evaluation index system 
To evaluate the capacity of SZVTS, many factors need to be considered.  Some of 
these factors are independent while others influence each other.  Besides, they have 
different effects on the capacity of VTS.  Therefore, the selection of evaluation 
indicators should be scientific and reasonable.  This paper insists that the factors 
should be independent, representative and comprehensive.  Choice has been made 
from many factors and SZVTS capacity evaluation index system has been established 
(See Table 8).  The second layer of the index system includes four items, i.e. services 
provided, traffic control, VTS scale and equipment, as well as organization and 
personnel allocation.  The first layer of index system is actually refinement of the 
second layer and contains factors that influence or reflect the second layer of indexes. 
 





Traffic organization service 
Navigational assistance service 
Supporting allied activities 
Traffic control  
Vessel reporting rate 
Traffic accident rate 
Key vessel tracked rate 
Finding and correcting violations 
VTS scale and equipment 
Port scale 
VTS coverage area 
Types and functions of equipment 
Availability of equipment 
Organization an personnel 
allocation 
Internal organization structure 
Internal management system  
Personnel allocation and training 
Personnel quality 
Source: Compiled by the author, 2013. 
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5.2.2 Establishment of factor set 
According to the evaluation index system, we can establish factor set U which is used 
to evaluate the capacity of SZVTS. 
                 
= {services provided, traffic control, VTS scale and equipment, organization and 
personnel allocation}; 
                       
    = {information service, traffic organization service, navigational assistance 
service, supporting allied activities} 
                       
    = {vessel reporting rate, traffic accident rate, key vessel tracked rate, violations 
found and corrected} 
                        
    = {port scale, VTS coverage, types and functions of equipment, availability of 
equipment} 
                       
    = {internal organization structure, internal management system, personnel 
allocation and training, personnel quality} 
5.3 Determination of index system weight through AHP 
5.3.1 Basic theory of AHP 
Analytical hierarchy process (AHP) is one of the mathematical tools for system 
analysis that was put forward by the American operational research expert T. L. Saaty 
in the 1970s.  Such method combines qualitative analysis with quantitative analysis 
and expresses and handles human’s subjective judgment in the form of numbers.  
AHP is just used to quantify the degree of influence exerted by each factor upon an 




(1) Divide all the factors into different levels as well as describe the affiliation among 
all the factors through diagram or frame structure (establish evaluation index system). 
 
(2) Establish judgment matrix.  If the degrees of influence exerted by n (n is a 
number) factors upon the same target are to be compared                 , the 
degree of influence exerted by each factor can be expressed by                . 
We then make pairwise comparison of the factors.     
 represents the ratio of the 
degree of influence exerted by    upon the target to the degree of influence exerted 
by    upon the target.  For    , the numbers 1 to 9 and their reciprocals can be used 








          
          
                                







Wherein,                
 
   
 
 
Table 9 - "1 -9" calibration of Analytic Hierarchy Process (AHP) 
Calibration Implication 
1    and    are equal in importance 
3    is slightly important than    
5    is obviously important than    
7    is intensively important than    
9    is extremely important than    
2，4，6，8 intermediate value of two comparison criteria mentioned above 
reciprocal if     is the comparison result of    to   ,     
 
   
 should be the 
comparison result of   to    
  




(3) Get the weight of each factor through the method of sum and multiplication.  
Specifically, normalize each row and then calculate the mean value of each line.  The 
specific computational formula can be expressed as: 
 




   
    
 
   
 
   
 
 
(4) Check consistency of judgment matrix.  To check the consistency of judgment 
matrix is to check the results of pairwise comparison in the judgment matrix to see if 
they are reasonable.  It can be checked through calculating the consistency ratio 
        .  When       , the judgment matrix is considered as reasonable.  
Otherwise, adjustment should be made of the judgment matrix.  In the formula, CI is 
consistency index and can be figured out through the formula    
       
   
.       is 
defined as the maximum eigenvalue of   and can be figured out through the 
following formula: 
 




     
   
 
   
 
 
RI is referred to as average random consistency index and is a fixed value (See Table 
10).  
 
Table 10 - Average random consistency index RI 
n 1 2 3 4 5 6 7 8 9 10 11 
RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49 1.52 
Source: Hu, 2010, p.358. 
5.3.2 Determination of evaluation index weights of SZVTS 
According to the VTS capacity evaluation index system, this paper has experts, in the 
form of seminar, make pairwise comparison of the relative importance of all the 
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factors in the evaluation index system.  In order to guarantee the objectivity of the 
judgment results and ensure the VTS capacity can be evaluated from different 
perspectives, a total of 20 experts from different fields have been invited to this 
seminar, including 8 captains or chief officers, 4 pilots, 1 VTS manger, 2 VTS 
supervisors, 2 VTS operators, 2 navigation managers and 1 VTS technical support 
staff. 
 
The author made records of the experts’ final results as well as quantified the pairwise 
comparison results of all the factors based on the principle of 1-9 scales of AHP, to 
constitute expert judgment matrix.  Through calculation and test, the expert 
judgment matrix has passed consistency check (See Tables 11-15).  Therefore, we 
can establish weight sets of factors according to the calculation results, which are 
expressed as: 
Weights of VTS capacity evaluation factors ( ): 
   0.35, 0.35, 0.11, 0.19  
Weights of services provided factors (  ): 
      .26, 0.46, 0.14, 0.14  
Weights of traffic control factors (  ): 
     0.10, 0.30, 0.30, 0.30  
Weights of VTS scale and equipment factors (  ): 
     0.12, 0.23, 0.23, 0.42  
Weights of organization and personnel allocation factors (  ): 
     0.14, 0.14, 0.26, 0.46  
 
Table 11 - Judgment Matrix of set   and the weights (   ) of its factors 
           
                  
   1 1 3 
2 0.35 
   1 1 3 
2 0.35 
   1/3 1/3 1 
1/2 0.11 
   1/2 1/2 2 1 0.19 
                                                          
Source: Compiled by the author, 2013. 
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Table 12 - Judgment Matrix of set    and the weights (   ) of its factors 
                                  
    1 1/2 2 2 0.26 
    2 1 3 3 0.46 
    1/2 1/3 1 1 0.14 
     1/2 1/3 1 1 0.14 
                                                          
Source: Compiled by the author, 2013 
 
 
Table 13 - Judgment Matrix of set    and the weights (   ) of its factors 
                                 
    1 1/3 1/3 1/3 0.10 
    3 1 1 1 0.30 
    3 1 1 1 0.30 
    3 1 1 1 0.30 
                                                          
Source: Compiled by the author, 2013. 
 
 
Table 14 - Judgment Matrix of    and the weights (   ) of its factors 
                                  
    1 1/2 1/2 1/3 0.12 
    2 1 1 1/2 0.23 
    2 1 1 1/2 0.23 
    3 2 2 1 0.42 
                                                         
Source: Compiled by the author, 2013. 
 
 
Table 15 - Judgment Matrix of    and the weights (   ) of its factors 
                                  
    1 1 1/2 1/3 0.14 
    1 1 1/2 1/3 0.14 
    2 2 1 1/2 0.26 
     3 3 2 1 0.46 
                                                          
Source: Compiled by the author, 2013. 
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5.4 Establishment of comment set 
5.4.1 Determination of comment set 
Comment set is the set of various comments likely to be made on the evaluation 
objects.  Comment set can be represented by V: 
               
Element                is several comments likely to be made.  The purpose of 
fuzzy comprehensive evaluation is to get an optimal assessment results from the 
comment set   by comprehensively considering the factors that influence the 
evaluation objects.  The more the evaluation grades are divided, the more accurate 
the evaluation results are.  However, too many evaluation grades will make the 
boundary between adjacent grades more fuzzy and make it very difficult for the 
evaluating experts to make judgments.  This paper divides the evaluation grades into 
four grades, i.e. excellent, good, moderate and poor.  Therefore, the comment set   
can be expressed as: 
                         
= {Excellent, good, moderate, poor} 
5.4.2 Description of evaluation standards 
5.4.2.1 Quantitative evaluation standards  
Among the designed evaluation indexes, vessel reporting rate, traffic accident rate, 
key vessels tracked rate, VTS coverage, equipment availability, etc can all be 
evaluated through quantitative standards.  According to investigation of VTS in 
several parts of China and after discussion with relevant experts, quantitative 





Table16 - Quantitative evaluation indicators and evaluation criteria 
Evaluation index 
Evaluation criteria 
Excellent Good Moderate Poor 
Vessel reporting rate ≥97.5% 95～97.5% 90～95% ＜90% 
Traffic accident rate ＜0.02‰ 0.02～0.03‰ 0.03～0.04‰ ≥0.04‰ 
Key vessel tracking rate ≥95% 90～95% 85～90% ＜85% 
VTS coverage area ≥95% 90～95% 80～90% ＜80% 
Availability of equipment ＜0.5% 0.5～1% 1～3% ≥3% 
Source: Compiled by the author. 
5.4.2.2 Qualitative evaluation standards 
It should be noted that some indexes in the evaluation index system cannot be 
quantified, or can be quantified but cannot objectively reflect the capacity of SZVTS.  
For these indexes, this paper does not specify the specific evaluation criterion for each 
qualitative index, but lists some factors that need to be considered during evaluation 
of these indexes (See Table17).  These factors should be evaluated by the experts 
according to the performance of SZVTS during recent years as well as based on their 
knowledge and experience. 
Table 17 - Qualitative evaluation indicators and considerations 
Qualitative evaluation indicators  Considerations 
Information service Timeliness and accuracy of information；broadcast; 
navigational warning, etc 
Traffic organization service  Density and character of traffic; traffic efficiency; 
effectiveness, etc 
Navigational assistance service Basic knowledge about ship and navigational 
circumstances；effectiveness, etc 
Violations found and corrected Traffic order；records and response procedures, etc. 
Supporting allied activities Participation in SAR activities, maritime investigations  
and maritime security, etc 
Port scale  Traffic volume；cargo handling capacity；port facilities；
types and size of vessels, etc 
Types and functions of equipment Types and functions of equipment, etc 
Organization Organization structuring；assignment of responsibilities 
Internal management system Completeness and rationality of the system, etc 
Personnel allocation and training Number of staff; procedures for selection and recruitment  
of VTSO；training plan, etc 
Personnel quality Knowledge and skills；English proficiency；attitude, etc 
Source: Compiled by the author, 2013. 
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5.5 Determination of membership of each factor in evaluation index system 
5.5.1 Single factor fuzzy judgment 
Separate evaluation of one single factor to determine the membership of the 
evaluation object to the elements of comment set is called single factor fuzzy 
judgment.  If evaluation is conducted on the ith factor    in the factor set , the 
membership of    to the jth factor in the comment set   is     .       can be 
calculated according to the following formula: 
 
    
Number of people who regarded    as grade   
Total number of people who are examined
 
 
Then, the evaluation result of    is the single factor comment set   .     can be 
expressed as: 
                   
The single factor sets used to evaluate all the factors in   constitutes evaluation 
























          
          
                                  







5.5.2 Determination of membership of each factor in SZVTS evaluation index 
system 
This paper determines the membership of each index in the form of questionnaire 
(See Appendix 3).  The grade of each index is evaluated by professionals.  
Professionals who participate in this questionnaire survey include captains, chief 
officers, pilots, SZVTS operators, equipment management and maintenance personnel, 
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etc.  In this survey, a total of 200 questionnaires are issued and 178 of them are 
recovered.  According to the 178 recovered questionnaires (See Table 18), we can 
figure out the membership vector of each evaluation index to the comment set V = 
{Excellent, good, average, poor}. 
 
For example, we conduct single factor evaluation on the information service.  We 
can see from the statistical results of the questionnaire that among the 178 
respondents, 152, 26, 2 and 0 rate SZVTS as excellent, good, average and poor 
respectively in information service provided.  Therefore, we can figure out the 
membership degrees of information service to the comment set V, which is expressed 
by    . 
 












   0.85, 0.15, 0.00, 0.0   
 
Likewise, we can get the membership degrees of all the other evaluation indexes: 
Traffic organization service           0.35, 0.53, 0.12, 0.00  
Navigational assistance service       0.07, 0.40, 0.46, 0.07  
Supporting allied activities       0.44, 0.46, 0.10, 0.00  
Vessel reporting rate       0.12, 0.88, 0.00, 0.00  
Traffic accident rate      0.35, 0.63, 0.02, 0.00  
Key vessel tracked rate      1.00, 0.00, 0.00, 0.00  
Violations found and corrected      0.06, 0.33, 0.50, 0.11  
Port scale       0.72, 0.28, 0.00, 0.00  
VTS coverage      0.21, 0.79, 0.00, 0.00  
Equipment function      0.54, 0.46, 0.00, 0.00  
Equipment availability      0.85, 0.15, 0.00, 0.00  
Organizational structure      0.41, 0.59, 0.00, 0.00  
Internal control system      0.52, 0.48, 0.00, 0.00  
Personnel allocation and training      0.43, 0.45, 0.12, 0.00  
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Personnel quality      0.24, 0.70, 0.06, 0.00  
Table 18 - Statistics of people who marked    as the grade of    
Evaluation indicator (  ) 
Number of people who marked in grade (  ) 
excellent good moderate poor 
Information service 152 26 0 0 
Traffic organization service 62 94 22 0 
Navigational assistance service 12 72 82 12 
Supporting allied activities 78 82 18 0 
Ship reporting rate 21 155 2 0 
Traffic accident rate 63 112 3 0 
Key vessel tracked rate 178 0 0 0 
Violations found and corrected 11 58 89 20 
Port scale 128 50 0 0 
VTS coverage area 38 140 0 0 
Types and functions of equipment 96 82 0 0 
Availability of equipment 151 27 0 0 
Organization 73 105 0 0 
Internal management system 92 86 0 0 
Personnel allocation and training 77 80 21 0 
Personnel quality 42 126 10 0 
Source: Compiled by the author, 2013. 
5.6 Fuzzy Comprehensive Evaluation 
When the weight set A and evaluation matrix R are known, fuzzy comprehensive 
evaluation set B can be figured out according to the operational method of fuzzy 
matrix. 
 





          
          
                                 




              
 
   is called fuzzy comprehensive evaluation index, whose meaning is the 
membership of evaluation object to the jth factor in the comment set V when all the 
influencing factors are taken into consideration. 
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5.6.1 Level-one fuzzy comprehensive evaluation of the capacity of SZVTS  
According to the calculation results in section 5.3, the single factor weight sets of 
services provided, traffic control, VTS scale and equipment as well as organization 
and personnel allocation are respectively: 
 
     0.26, 0.46, 0.14, 0.14  
     0.10, 0.30, 0.30, 0.30  
     0.12, 0.23, 0.23, 0.42  
     0.14, 0.14, 0.26, 0.46  
 
According to the calculation results of single factor membership in section 5.5, we 
can establish evaluation matrixes for services provided, traffic control, VTS scale and 
equipment as well as organization and personnel allocation, which are respectively 
represented by   ,   ,    and   . 
 
    
   
   
   
   
   









    
   
   
   
   
   









    
   
   
   
   
   









    
   
   
   
   
   











Therefore, through compositional operations, we can figure out the fuzzy evaluation 
results concerning providing services, traffic control, VTS scale and equipment as 
well as organization and personnel allocation, which are respectively represented by 
  ,   ,    and   . 
 
            0.46, 0.40, 0.14, 0.00  
            0.43, 0.38, 0.16, 0.03  
            0.61, 0.39, 0.00, 0.0   
            0.35, 0.59, 0.06, 0.00  
5.6.2 Level-two fuzzy comprehensive evaluation of the capacity of SZVTS  
According to the results of one-level fuzzy comprehensive evaluation, we can get the 
evaluation matrix of SZVTS capacity. That is: 
 
                  









Single factor weight set    0.35, 0.35, 0.11, 0.19  that influence the capacity of 
SZVTS has already been figured out in section 5.3.  Now, we can get the capacity 
evaluation result of SZVTS through compositional operations.  That is: 
 
         0.45, 0.43, 0.12, 0.00  
5.7 Determination of the grade of the capacity of SZVTS  
According to the final evaluation results, the membership degrees when the capacity 
of SZVTS is excellent is 0.45, the membership degree when it is good is 0.43, the 
membership degree when it is average is 0.12, and the membership degree when it is 
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poor is 0.00.  However, the membership degree cannot intuitively show which 
evaluation grade the capacity of SZVTS is in.  Therefore, defuzzification is required 
to determine it.  Common methods include maximum membership degree method 
and weighted average method.  Maximum membership degree method takes the 
grade corresponding to the maximum membership degree as the evaluation grade of 
evaluation object.  According to this method, the evaluation grade of SZVTS should 
be “excellent”.  Therefore, the membership degree when the evaluation grade of 
SZVTS is excellent is 0.45, which is the largest among the degrees for four grades.  
However, this method neglects the influence of the other factors with smaller 
membership degrees, especially when the evaluation grade of SZVTS is “good”, in 
which case the membership degree is 0.43, only 0.02 smaller than 0.45.  Thus, this 
paper adopts weighed average method to determine the final evaluation grade of 
SZVTS. 
 
Endow each possible evaluation result with marks (See Table 19).  With membership 
degree as the weight and with the intermediate value (95, 85, 70 and 30) of evaluation 
value corresponding to each grade as the rating vector, weighted average method uses 
synthesis method to figure out the comprehensive evaluation value of evaluation 
object.  We use M to represent the evaluation value of SZVTS. 
   0.45, 0.43, 0.12, 0.00  95,85,70,30  
                        0.45 95 0.43 85 0.12 70 0.00 3       
            87.7 
 
The comprehensive evaluation value of SZVTS is 87.7 which within the range of 80 
to 90.  Therefore, the final evaluation grade of the capacity of SZVTS should be 
“good”.  When using weighted average method, we can also figure out the values of 
all other evaluation factors of index system to judge which evaluation grades they are 




Table 19 - Range of marks for the grades 
Grade Excellent Good Moderate Poor 
Range of marks [90,100] [80,90] [60,80] [0,60] 
Median 95 85 70 30 
Source: Compiled by the author, 2013. 
 
Table 20 - Final evaluation results: marks and grade of all indicators 
Evaluation indicators Marks Grade Marks Grade 
Providing 
service 
Information service 93.5 Excellent 
87.5 Good 
Traffic organization service 86.7 Good  
Navigational assistance service 75.0 Moderate 
Supporting allied activities 87.9 Good 
Traffic 
control 
Ship reporting rate 86.3 Good 
85.25 Good 
Traffic accident rate 88.2 Good 
Key vessel tracked rate 100 Excellent 




Port scale 92.2 Excellent 
91.1 Excellent 
VTS coverage area 87.1 Good 
Types and functions of equipment 90.4 Excellent 





Organization 89.1 Good 
87.6 Good 
Internal management system 90.2 Excellent 
Personnel allocation and training 87.5 Good 
Personnel quality 86.5 Good 
Source: Compiled by the author, 2013. 
5.8 Description of evaluation results 
Through fuzzy evaluation of SZVTS’ capacity, it is finally rated as “good”.  
According to the evaluation results of each index, SZVTS is rated as “excellent” in 6 
aspects, i.e. information service, key vessels tracked rate, port scale, equipment 
function, equipment availability and internal management system.  However, it gets 
very low marks in “navigational assistance service” and “violations found and 
corrected”, which are 75.0 and 72.1 respectively and are rated as “average” in these 
two indexes.  The marks given to other indexes of SZVTS are all higher than 85, 
hence are rated as “good”. 
 
According to the factors such as the development status of the port, its geographic 
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environment and navigation environment, the results of this fuzzy evaluation tally 
with the actual situation.  Besides, the evaluation results also indicate that SZVTS 
has played a very important role in maintaining navigation order, ensuring vessel 

























Chapter 6   Recommendation and Conclusion 
6.1 Recommendation 
Good performance on the whole does not mean good performance in every aspect. 
SZVTS also performs poorly in some respects.  For example, 12 and 20 respondents 
respectively graded SZVTS as “poor” in “navigational assistance service” and 
“violations found and corrected”.  To further improve the comprehensive 
performance of SZVTS, the author puts forward some feasible suggestions according 
to the evaluation results and his own experience. 
6.1.1 Separate SZVTS center from MRCC 
Though VTS and MRCC share the common goal to ensure safety and prevent 
pollution, they serve significantly different functions.  VTS aims to avoid accidents 
and improve traffic efficiency while MRCC aims to minimize the injury or loss 
caused by accidents.  Currently, SZVTS and MRCC work together.  Their 
personnel act as both VTS operator and SAR coordinator.  Due to tension and 
fatigue, their work efficiency is greatly reduced, making it very difficult to give full 
play to the functions of VTS or MRCC.  In view of this, the author suggests that 
SZVTS and MRCC be separated as early as possible so that the VTS operators and 
MRCC coordinators can fulfill their own responsibilities and also exchange 
information and participate in allied activities when needed.  
6.1.2 Amend “VTS Users’ Guidelines (2005)”  
The extension project of SZVTS was completed as early as in 2010.  After four new 
radars were introduced, the scope of service of SZVTS could cover the whole water 
area of Shenzhen.  The area SZVTS is actually serving at present has gone beyond 
the VTS service zone designated by “VIS Users’ Guidelines” (2005).  However, the 
vessels still report to SZVTS according to the reporting procedures specified in “VTS 
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Users’ Guidelines (2005)”.  The needs to give full play to SZVTS’s functions can no 
longer be satisfied.  Therefore, SZVTS should, as quickly as possible, adjust the 
scope of service area and reporting procedures specified in “VTS Users’ Guidelines” 
as well as make them public.  
6.1.3 Increase the number of personnel with nautical experience 
Personnel with nautical experience know better how to assist vessels to avoid 
collision and manoeuvre in difficulties, and can more easily establish effective 
communication with vessels, hence able to provide specific and useful information or 
advice to help the vessels make correct decisions.  Obviously, increase in the number 
of personnel with nautical experience can help to improve the quality of service.  
Among the 36 personnel in the SZVTS center, only 8 (less than 25% of all) have 
nautical experience.  According to the statistics for 2008, out of the 593 VTS 
personnel from 25 VTS centers in China, only 92 (around 15.5% of all) have on board 
work experience. (Hu & Yang, 2008)  Therefore, increasing the number of personnel 
with nautical experience is not only the problem to be solved by SZVTS but also an 
issue to be considered by China’s Maritime Administration. 
6.2 Conclusion 
Admittedly, after more than half a century of development, VTS has played a more 
and more important role in ensuring vessel safety, improving traffic efficiency and 
protecting marine environment.  China started relatively late in studies and 
construction of VTS.  However, it has surpassed other countries in its speed of 
development and scale of construction.  SZVTS has reflected the development status 
of China in many aspects, such as equipment introduction, personnel allocation and 
operational mode.  
 
This paper introduces in detail the development situation, navigational environment, 
legal framework, etc of SZVTS.  According to the description of the type of VTS in 
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China’s VTS evaluation standards and IMO, SZVTS is a typical port VTS at class IV 
management level. 
 
Based on the relevant data about Shenzhen port and SZVTS in recent years, this paper 
makes detailed analysis of the important factors that reflect and influence the capacity 
of SZVTS.  It compares the degrees of influences exerted by different factors upon 
the capacity of SZVTS through AHP, evaluates each factor through fuzzy 
comprehensive evaluation method, and finally draws the conclusion that the capacity 
of SZVTS is “good”. 
 
To improve its capacity, SZVTS should optimize its internal organizational structure 
and ensure VTS works independently.  According to the functions of equipment, 
SZVTS should adjust the scope of its service area and vessel reporting procedures to 
ensure the safety of vessels in the water area of Shenzhen port.  However, human 
factor is most important.  When the equipment is advanced and systems are perfect, 
improving SZVTS operators’ ability is the most effective way to improve the capacity 
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Appendix 1 - East part of SZVTS area 
 












Appendix 2 - West part of SZVTS area 
 











Appendix 3 – Questionnaire for the judgment of the grade of each indicator in 
the index system 
Indicators(  ) 
Grades(   ) 
Excellent Good Moderate Poor 
Information service     
Traffic organization service     
Navigational assistance service     
Supporting allied activities     
Ship reporting rate     
Traffic accident rate     
Key vessel tracked rate     
Violations found and corrected     
Port scale     
VTS coverage area     
Types and functions of equipment     
Availability of equipment     
Organization     
Internal management system     
Personnel allocation and training     
Personnel quality     
Note: if you regard    as the grade of   , please mark “√” at the corresponding blank of   . 
Source: Compiled by the author, 2013. 
 
 
Considerations or standards for judgment of the grade of each indicator 
Qualitative evaluation indicators Considerations 
Information service Timeliness and accuracy of information；broadcast; 
navigational warning, etc 
Traffic organization service  Density and character of traffic; traffic efficiency; 
effectiveness, etc 
Navigational assistance service Basic knowledge about ship and navigational 
circumstances；effectiveness, etc 
Violations found and corrected Traffic order；records and response procedures, etc. 
Supporting allied activities Participation in SAR activities, maritime investigations  
and maritime security, etc 
Port scale  Traffic volume；cargo handling capacity；port facilities；
types and size of vessels, etc 
Types and functions of equipment Types and functions of equipment, etc 
Organization Organization structuring；assignment of responsibilities 
Internal management system Completeness and rationality of the system, etc 
Personnel allocation and training Number of staff; procedures for selection and recruitment  
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of VTSO；training plan, etc 
Personnel quality Knowledge and skills；English proficiency；attitude, etc 
Source: Compiled by the author, 2013. 
 
Quantitative evaluation index 
Evaluation criteria 
Excellent Good Moderate Poor 
Vessel reporting rate ≥97.5% 95～97.5% 90～95% ＜90% 
Traffic accident rate ＜0.02‰ 0.02～0.03‰ 0.03～0.04‰ ≥0.04‰ 
Key vessel tracking rate ≥95% 90～95% 85～90% ＜85% 
VTS coverage area ≥95% 90～95% 80～90% ＜80% 
Availability of equipment ＜0.5% 0.5～1% 1～3% ≥3% 
Source: Compiled by the author, 2013. 
 
 
